The capsule of Cryptococcus neoformans is an important virulence factor. In this investigation capsular polysaccharides (CPSs) were isolated by ethanol precipitation from culture filtrates of C. neoformans serotype A strains 6, 15, 98, 110, and 145. Capsule sizes on India ink examination ranged from barely perceptible (strain 15) to greater than the diameter of the yeast cell (strain 6); the others were intermediate in size. On ion-exchange chromatography on DEAE-cellulose each CPS eluted at 0.2 M NaCl; CPS of strain 15 had two major peaks, designated m and IV. On gel-permeation chromatography CPSs of strains 6, 98, 110, and 145 eluted at the void volume of Sepharose CL-2B in the presence or absence of 0.1 M EDTA, while the CPS of strain 15 eluted in two peaks. Sephacryl S-1000 resolved CPSs of all five strains in the following order, from largest to smallest molecular size: 145 > 110 > 98 > 6 > 15. All five CPSs contained mannose, xylose, and glucuronic acid, while the carboxyl-reduced CPS of strain 110 also contained a large percentage of an inositol-like compound. The CPS of strain 110 contained approximately 30% uronic acid by weight, while the others had 15 to 20%. The composition of peak IV from the CPS of strain 15 resembled those of the other strains; peak m of strain 15 contained a substantial amount of galactose. Each CPS contained less than 0.2% protein by weight. The significant differences in molecular size and sugar composition among CPSs of these strains of C. neoformans serotype A may partially explain strain differences in virulence and biological properties of the organism.
The capsular polysaccharide (CPS) is an important determinant of the pathogenicity of Cryptococcus neoformans. The mechanism of action of CPS remains largely unresolved, but its investigation has proceeded along structural and biological lines. Biological studies have shown that CPS inhibits phagocytosis of C. neoformans by mammalian leukocytes (10) , activates complement (14) , and induces immune paralysis or tolerance (33) . Capsule-free mutants are less virulent and elicit more inflammation in vivo (18) . The antiphagocytic action of CPS is specific for C. neoformans and is only slightly decreased if the uronic acid side groups are reduced to glucose (10, 25) .
Although the in vitro capsule size of C. neoformans varies from strain to strain, as does animal virulence, there is no correlation between in vitro capsule size and virulence (16, 20, 23) . As most studies on virulence factors of C. neoformans have used only one isolate, strain variation in pathogenicity remains largely unexplained. One correlate is the production of phenoloxidase (27, 35) . However, since the presence of a capsule, rather than its relative size, profoundly affects the virulence of C. neoformans, strain variation in pathogenicity may be attributable to differences in the chemical structure of the capsule.
Several investigations of the chemical structure of CPS have recently appeared, including studies of CPSs of serotypes A (6, 12, 31) , B (5, 7), C (2, 3) , and D (4, 6) . only on 0-2. Typically, each mannosyl residue is substituted in CPS of serotype A, while many mannosyl residues are not substituted in CPS of serotype D; however, one strain of serotype A has approximately 10% unsubstituted mannosyl residues and different strains of serotype D have different sugar ratios (6, 31) . Serologically, most strains are either serotype A or D, but some show intermediate specificity (1, 22) . The difference between the A and D serotypes seems to be related to the number of side groups on the mannan backbone (22) .
Previous studies in this laboratory with five strains of C. neoformans serotype A (strains 6, 15, 98, 110, and 145) have revealed strain-associated differences in the rate of phagocytosis by rat macrophages and differences in susceptibility to intracellular killing (32) . Other biological differences among these strains may also relate to the capsule, such as differences in pathogenicity for rats and mice and in vitro antiphagocytic potency of CPS (J. M. Small and T. G. Mitchell, manuscript in preparation and unpublished data). These strains, therefore, differ in several well-defined biologic properties: capsule size, virulence, and the extent to which they are phagocytized and killed. The purpose of this investigation was to compare some chemical properties of the CPSs of selected strains of C. neoformans serotype A to begin to understand the structural basis of the biological activity of the capsule and to document strain variation in CPSs.
MATERUILS AND METHODS
Organisms. Five strains of C. neoformans serotype A, designated 6L, 15S, 98M, lOM, and 145M, were used for the isolation of CPSs. These strains were originally isolated from human cases of cryptococcosis (32) . Cultures were maintained at 25°C on slants composed of 2% glucose-1% yeast extract (Difco Laboratories, Detroit Mich.)-2% agar (GYE). S, M, and L indicate small, medium, and large in vitro capsule sizes, respectively. Small capsules were barely visible on India ink examination, medium capsules measured 1 to 3 gxm in thickness, and large capsules were greater than 3 ,um in thickness (32) . All five strains were typical of C. neoformans in their physiological reactions, and they developed a black pigmentation on media containing caffeic acid or dihydroxyphenylalanine (11) . The capsule size of each strain was checked periodically by India ink examination, and it was quite stable for each strain.
Media. A phosphate-buffered derivative of the synthetic glutamine-glycine-asparagine broth (GGA-B) medium described by Chaskes and Tyndall (11) was selected because of its excellent reproducibility. GGA-B concentrate consisted of a filter-sterilized solution of 1.0 g of glutamine-1.0 g of glycine-1.0 g of asparagine-0.2 g of MgSO4-0.1 g of CaC27-1.0 g of NaH2PO4 * H20-0.01 g of FeSOc-10.0 g of glucose-1.0 mg of thiamine in 100 ml of distilled water. Then, 1 volume of concentrate was added aseptically to 9 volumes of a sterile solution of 6.0 g of K2HPO4 in 900 ml of distilled water. A chemically defined solid medium, yeast morphology agar (Difco) supplemented with 1% agar (YMA), was used for preliminary growth, as described below.
Polysaccaride isolation. Crude CPSs (CCPSs) were prepared by ethanol precipitation from broth culture filtrates. To prepare each inoculum for batch culture, yeast cells of C. neoformans were transferred from GYE to YMA slants and incubated at 37°C for 2 days. The yeast cells were suspended in 5 ml of sterile water and counted in a hemacytometer chamber, and 2 x 108 CFUs were added to a 500-ml These flasks were incubated as described above for 4 days, at which time cultures had reached the stationary phase. Morphology, capsule size, and uniformity of the yeast cells were evaluated by light microscopy. The microbiological purity of each flask was confirmed by streaking a loopful of each on a GYE plate which was incubated at 37°C and observed for 5 days. The yeast cells were harvested by centrifugation at 10,000 x g for 30 min at 4°C. The supernatant fluid was passed through membrane filters of 0.45 p.m porosity. The clarified supernatant fluid was reduced to a viscous liquid by rotary evaporation at 35 to 40°C at 20 to 40 mm Hg pressure. The concentrated filtrate was dialyzed overnight at 4°C against 10 volumes of deionized water.
After dialysis, 10% (wt/vol) sodium acetate and then 1% (vol/vol) glacial acetic acid were added to the supernatant.
CCPS was precipitated at 4°C by the dropwise addition of 2.5 volumes of 95% ethanol over approximately 24 h with constant stirring. The CCPS precipitate was removed by centrifugation, redissolved in distilled water, dialyzed for 2 days against several changes of deionized water to remove acetate, lyophilized, and stored under vacuum.
Ion-exchange chromatography. CCPS was dissolved at 1 to 3 mg/ml in a buffer composed of 0.01 M Tris hydrochloride (TB; pH 7.4; Trizma; Sigma Chemical Co., St. Louis, Mo.), with 0.002% chlorhexidine or 0.02% sodium azide as a preservative, and dialyzed for 2 days against two changes of the same buffer. Samples containing 10 to 60 mg of CCPS were applied to a column (2.5 by 25 cm) of DEAE-cellulose and eluted with a linear sodium chloride gradient (0 to 1.0 M, 0 to 0.6 M, 0 to 0.5 M, or 0 to 0.4 M) in TB. Fractions of approximately 14 ml each were collected and assayed for carbohydrate by the phenol-sulfuric acid method (15) , using glucose as a standard. The polysaccharide concentration was expressed as the optical density at 485 nm. Protein was assayed by the method of Lowry et al. (30) or Bradford (9) . Conductivity (in millisiemens) was measured on each fraction. Fractions containing peak concentrations of carbohydrate were pooled, concentrated by rotary evaporation at 35 to 40°C under reduced pressure, dialyzed against several changes of deionized water, lyophilized, and stored under vacuum.
Gel-permeation chromatography. Ten-milliliter samples of DEAE-cellulose-purified CCPS (DCPS) at 1 mg/ml in 0.01 M phosphate-buffered normal saline (PBS; pH 7.4) were applied to a column (2.5 by 120 cm) of Sepharose CL-2B (Pharmacia Fine Chemicals, Piscataway, N.J.) and eluted with PBS containing 0.02% sodium azide at a flow rate of 10 ml/h. Fractions of 10 ml were collected and assayed as described above (15) . Void volume and total volume were determined with blue dextran 2000 (Pharmacia) and glucose, respectively. Samples of 2.5 to 3 ml of DCPS were also applied to a column (1.7 by 45 cm) of Sepharose CL-2B and eluted with 0.1 M EDTA (pH 7.4).
In other experiments, 2-ml samples of DCPS in PBS were applied to a column (1.7 by 45 cm) of Sephacryl S-1000 (Pharmacia) and eluted with PBS. Fractions of 2 ml each were collected and assayed by the phenol-sulfuric acid method (15) . Glucose was used to determine the total volume.
Total hydrolysis and thin-layer chromatography. For acid hydrolysis, 0.5 ml of each CCPS and DCPS, adjusted to a carbohydrate concentration of 2 mg/ml as measured by the phenol-sulfuric acid method (15) , was admixed with 0.5 ml of 4.0 M trifluoroacetic acid and sealed in a glass tube. Tubes were heated to 110°C for 10 h. Following hydrolysis, samples were filtered through Whatman no. 1 filter paper, evaporated to dryness by rotary evaporation, and redissolved in 100 p.l of water. Five microliters of each sample was applied to a glass plate (20 by 20 cm) coated with cellulose (Avicel; Brinkmann Instruments Inc., Westbury, N.Y.). The developing solvent was ethyl acetate, pyridine, glacial acetic acid, and distilled water in proportions of 5:5:1:2, respectively. Sugars were detected with a spray that was prepared by dissolving 1.0 g of p-anisidine hydrochloride in 10 ml of methanol and diluting to 100 ml with n-butanol. The spots were developed after heating at 120°C for approximately 5 min.
Uronic acid determinations. The colorimetric assay described by Blumenkrantz and Asboe-Hansen (8) was used to estimate uronic acid content and to follow the extent of reduction. Glucuronolactone was used as a standard, and m-phenyl phenol was obtained from Eastman Chemical Products, Inc. (Kingsport, Tenn.). Small amounts of sodium azide interfered with the assay.
Carboxyl reduction. DCPSs were reduced by a modification of the method of Taylor and Conrad (38) . The pH was maintained by the manual addition of 0.01 M HCl (conjugation step) or 4 M HCl (reduction step) with a buret instead of a pH stat. Also, 250 mg of solid boric acid was added to the mixture just before the reduction was begun to buffer the initial rapid rise in pH after the addition of the first few drops of sodium borohydride. Following reduction, the mixture was dialyzed against deionized water and concentrated to its Amino acid analysis. Samples of 2.5 mg of each DCPS, as measured by the phenol-sulfuric acid method (15) , were sealed in vacuo in glass tubes with 1 ml of 6 M HCl and heated to 110HC for 24 h. The samples were then dried by rotary evaporation, redissolved in a solution of norleucine and aminoguanidinopropionic acid in 0.01 M HC1, and injected into an amino acid analyzer (model 121; Beckman Instruments, Inc., Fullerton, Calif.). A standard solution of 12.5 nmol of each amino acid was run for calibration.
Total hydrolysis and gas-liquid chromatography. Twicereduced DCPSs were hydrolyzed in sealed tubes at 110HC for 3 h in 2 M trifluoroacetic acid. Excess 1 M NaBH4 was added to reduce the sugars to alditols, and then acetic acid was added to eliminate excess borohydride. The resulting borate was removed by the repeated addition of methanol and rotary evaporation to dryness (37) . After peracetylation with acetic anhydride in pyridine, the alditol acetates were extracted into chloroform. Finally, the alditol acetates were dissolved in ethyl acetate and analyzed on a gas chromatograph (model 417; Packard Instrument Co., Inc., Rockville, Md.) with a column packed with SP-2401 (Supelco). Relative peak areas were determined by weighing peaks cut from nhotocopies of the tracings. A standard consisting of equimolar mixtures of xylose, mannose, and glucose was run in parallel to control for decomposition of xylose during hydrolysis. 
RESULTS
CPS isolation. After 4 days cultures reached the stationary phase. Ethanol precipitation from 3.6 liters of culture yielded from 0.2 to 3.0 g of a white foamy substance. Aqueous solutions at 1 mg/ml were characteristically viscous; however, solutions of CCPS from strain 15 were less viscous than those of the other strains.
Ion-exchange chromatography. Representative chromatograms from ion-exchange chromatography are shown in Fig.  1 . CCPSs of strains 6, 98, 110, and 145 showed a similar pattern, with a small peak or family of peaks appearing early followed by a sharp major peak eluting at 0.20 M NaCl (11.5 mS). CCPS of strain 15 had two major peaks, one at 0.10 M NaCl (6 mS) and the other at 0.17 M NaCl (9 mS). There were also two minor peaks at low ionic strength. To confirm that the peaks from strain 15 CCPS were discrete, peak III was dialyzed against TB and rechromatographed. A symmetric peak, also at 0.10 M NaCl (6 mS), resulted (Fig. 1,  CPS 15-III) . The relationship between conductivity and concentration of NaCl was linear; 0.20 M NaCl corresponded to a conductivity of 11.5 mS. The NaCl gradients were linear from 0 to 0.5 M (data not shown).
Gel-permeation chromatography. Chromatography of DEAE-purified CPS (DCPS) on Sepharose CL-2B yielded a single major peak for each sample (Fig. 2) . DCPS from strains 6, 98, 110, and 145 eluted at the void volume, as determined by a sharp rise in the profile of blue dextran 2000. (15) . DCPS 15-IV, the major peak from strain 15 (Fig. 1) , eluted somewhat later with a symmetric peak, indicating a smaller molecular radius, and fraction III eluted still later.
As it was possible that the similar elution patterns of DCPS samples could be caused by cation-mediated aggregation, each DCPS was fractionated on a column (1.7 by 45 cm) of Sepharose CL-2B in the presence of 0.1 M EDTA. The elution profile of DCPS was not altered (data not shown).
Chromatography on Sephacryl S-1000. Since DCPS of four of the five strains eluted at the void volume of Sepharose CL-2B, the relative molecular sizes could not be resolved. Therefore, the DCPS samples were fractionated on a column (1.7 by 45 cm) of Sephacryl S-1000, which is designed to separate very large molecules or particles (Fig. 3) . Differ protein by weight (Table 1) . Glutamic acid, serine, and aspartic acid were major components of all strains.
Hydrolysis and thin-layer chromatography. Trifluoroacetic acid hydrolysis of samples of CCPS and DCPS followed by thin-layer chromatography on cellulose revealed spots corresponding in migration with spots of xylose, mannose, and glucuronic acid. The crude preparations also contained galactose. No other sugars were detected.
Carboxyl reduction and monosaccharide composition. Samples of DCPS were reduced by a modification of the method of Taylor and Conrad (38) , in which carboxyl groups were conjugated to a carbodiimide and then reduced with sodium borohydride. The extent of the coupling reaction was followed by titration with 0.01 M HCl. It was complete by 120 min. More than 90% of the uronic acid groups were reduced, as measured with the metahydroxy biphenyl reagent (8); however, the procedure was repeated to ensure complete reduction.
Compositions of the DCPSs appear in Table 2 . DCPS peak III of strain 15 (15-III) differed from the others in its high galactose content, while DCPS 110 had a large peak corre- (8) . Results were 31, 31, and 32% uronic acid (assumed to be hexuronic acid) by weight. DISCUSSION For the isolation of CCPS, five strains of C. neoformans were grown in GGA-B. GGA-B was chosen because it supported good growth and consistent encapsulation and had the advantages of being defined, simple, flexible, and buffered against excessive pH changes. Medium composition can affect capsule production (29) , a neutral pH is most physiologically relevant, and yeast extract may contaminate preparations with mannan (21) .
Two methods of purification of CPS have been described: ion-exchange chromatography (2) (3) (4) (5) 22) and selective precipitation by cetyltrimethylammonium bromide (cetavlon) (12, 31) . Ion-exchange chromatography was selected here because it permitted continuous separation with a salt gradient. Some strains show two major polysaccharides on DEAEcellulose chromatography (5, 22) . Since the five strains had not been examined previously, ion-exchange chromatography seemed more appropriate and gave useful information, such as the difference in ionic elution profile of CPS 15. However, once the composition became apparent, cetavlon precipitation might have been an easier method of purifying large amounts of CPS.
Cherniak et al. (12) used a cetavlon precipitation step and reported two bands on immunodiffusion of CPS from a strain of serotype A. Merrifield and Stephen (31) found two components after one cetavlon precipitation of CPS of a strain designated R, also of serotype A.
Ion-exchange chromatography revealed more than one component in the CCPS of all five strains examined, and quantitative differences in the relative amounts of these components were observed. A galactoxylomannan has been described in CPSs (13, 40) ; some of the peaks in Fig. 1 Ion-exchange chromatography revealed that the major component from strain 15 CPS was eluted earlier than the major peaks from the other strains, which may indicate a qualitative difference in this CPS (Fig. 1) . This CPS did elute with a smaller molecular radius, and perhaps the smaller sized molecule adheres less vigorously to the DEAEcellulose.
The molecular sizes of DCPSs of strains 6, 98, 110 , and 145 were beyond the range covered by Sepharose CL-2B, indicating very large molecular weights, aggregation, or highly extended conformations. DCPS eluted in a similar pattern in the presence of 0.1 M EDTA, indicating that cation-mediated aggregation was unlikely. All DCPS samples examined eluted in the range of Sephacryl S-1000.
With the exception of DCPS 15, the DCPS from different strains were rather similar in average molecular size. However, the observed differences were reproducible. The elution profiles were relatively homodisperse, indicating that C. neoformans exerts remarkable control over the range of molecular size of CPS. Since biochemical pathways responsible for capsule synthesis have not been resolved, control mechanisms remain unknown.
The actual molecular weight of CPS cannot be determined from these data because no appropriate standards are available. The commercially available dextrans have highly flexible at(1-36) linkages and bear little resemblance to CPSs which have an extended a(1-3) mannan backbone (34) . Furthermore, unlike the dextrans, CPSs are highly substituted and are polyelectrolytes. Another method of analysis, such as light scattering or ultracentrifugation, seems necessary to obtain accurate estimates of the molecular weight of CPS.
The molecular weight may be an important determinant of biological activity for heparin, which is also an acidic polysaccharide (28) , for the cecal toxicity of carrageenan (17), and for the antigenicity of dextran (19) . Results of gel chromatography ( Fig. 2 and 3 ) indicate that the CPS from strain 15 is smaller than the CPS from the other strains. This strain forms the smallest capsule, is not highly pathogenic, and is phagocytized to a greater extent than the other four strains (32) .
However, the relative virulences of the strains, following intravenous inoculation of Lewis rats with ca. 8 x 105 CFU, were 110 > 6 > 145 > 15 > 98 (unpublished data). Molecular sizes of CPSs from the five strains were 145 > 110 > 98 > 6 > 15; the correlation between molecular size and virulence is not a simple one. If the capsule consists of radially oriented CPS molecules bound by one end to the yeast cell surface, the length of CPS might reflect capsule size. Based on a postulated molecular weight of 106, a length of approximately 1 ,um can be calculated for CPS, which is compatible with the range of observed capsule widths. An examination of CPS from a strain of C. neoformans that varies its capsule size in different media (16, 39) might begin to uncover the molecular determinants of capsule size. The data presented here suggest that there is not a simple relationship between capsule width, as determined by India ink, and the molecular size of CPS, as the elution of CPS 145 indicated a larger molecule than that of CPS 6 (Fig. 3) , even though the capsule of strain 6 is larger than that of strain 145.
Very little protein was detected in the polysaccharide preparations, in contrast to the report of an extracellular glycoprotein produced by Cryptococcus species (36) . One possible explanation for the discrepancy is that Ross and Taylor (36) heat killed the yeasts and performed extraction with water; this procedure may have removed a more adherent component than would be solubilized in the culture filtrates used here. This difference may also be attributable to strain variation.
Thin-layer chromatography of acid hydrolysates of the polysaccharides revealed the presence of mannose, xylose, and glucuronic acid. These results are compatible with those of previous reports (5, 7, 22, 24, 31) . Subunit analysis by gas-liquid chromatography was also consistent with published reports, except for the presence of an inositol-like compound in carboxyl-reduced DCPS 110 and a high percentage of uronic acid in DCPS 110. The discrepancy between the uronic acid content and the glucitol content imply that the inositol-like compound found in reduced CPS is a uronic acid in the native CPS. The findings remain unexplained, but they could be caused by a strain difference within the species or by a mutation. Microbial contamination VOL. 54, 1986 on October 19, 2017 by guest http://iai.asm.org/ Downloaded from was unlikely because cultural purity tests and direct examinations of the cultures were negative. Furthermore, three separate isolations from original, frozen stocks of strain 110 yielded CPSs with similar uronic acid content, as determined by colorimetry. Further investigations are in progress to confirm the presence of a new sugar residue in cryptococcal CPSs.
In conclusion, CPSs of strains of C. neoformans serotype A showed similarities, as well as significant differences, in molecular size and composition. Other studies have revealed strain variation in virulence, capsule size, and susceptibility to phagocytosis by neutrophils and macrophages (14, 23, 32) .
To avoid future problems in comparing methodologies and results, it may become necessary to introduce a set of strains of C. neoformans with defined and stable characteristics as standards for comparison of results. Such strains could be evaluated thoroughly as to capsule composition, genetics, response in immunologic assays, physiology, biochemical reactions, and so on. These precautions will control for strain variation, help to distinguish species and strain characteristics, and enable each new investigation to contribute to an expanding body of useful knowledge.
